I[NTRODUCTION]{.smallcaps} {#sec1-1}
==========================

Dental plaque forms continuously on tooth surfaces in all age groups and must be removed to promote oral hygiene. However, the only way to remove plaque accumulation is by brushing with a toothbrush.

The first natural brush in existence was the Meswak chewing stick \[[Figure 1](#F1){ref-type="fig"}\]. Various studies have been undertaken to elucidate the general effect of Meswak on oral health, and currently, Meswak extract is used in toothpaste as both an active ingredient and as flavoring. Natural Meswak is found in the roots, twigs, and stems of the *Salvadora persica* tree\[[@ref1]\] \[[Figure 2](#F2){ref-type="fig"}\]. This tree is widely distributed from India in the east through southern Arabia, Iran, Iraq, Palestine, Egypt west to Mauritania and south through Sudan, Ethiopia, and central Africa to the southwest\[[@ref2]\] \[[Figure 3](#F3){ref-type="fig"}\]. On chemical analysis, Meswak bark and stems have high concentrations of chlorides, salvadourea, and gypsum.\[[@ref3][@ref4][@ref5]\] Organic compounds such as pyrrolidine, pyrrole, and piperidine derivatives;\[[@ref6]\] glycosides such as salvadoraside;\[[@ref7]\] and flavonoids including kaempferol, quercetin, rutin, and a quercetin glucoside\[[@ref8]\] are also present. In addition, β-sitosterol, m-Anisic acid, and elemental sulfur have been detected,\[[@ref9]\] as well as a high ratio of alkaloids such as salvadorine and trimethylamine in the roots and bark.
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The biological activities of the components of Meswak are varied. Repeated chewing of Meswak releases fresh sap containing fluoride; this may have an anticariogenic effect.\[[@ref10]\] Silica acts as an abrasive material, which is effective in plaque removal combined with mechanical movement. Sulfur is found in the ash of *S. persica* roots in high concentrations, at almost 4.73%.\[[@ref6]\] Sulfur has a bactericidal effect. Tannins act as an astringent and are suggested to reduce gingivitis. Tannins have been found to inhibit the action of glucosyltransferase, which reduces plaque formation and gingivitis.\[[@ref11]\] Vitamin C facilitates tissue healing and repair. Sodium bicarbonate is present in Meswak and has mild abrasive properties in addition to having a mild germicidal action.\[[@ref11]\]

High concentrations of chloride inhibit calculus formation and help remove stains from teeth. Calcium saturation of saliva prevents demineralization and promotes remineralization.\[[@ref11]\] It has also been suggested that the high concentrations of sodium chloride, potassium chloride, sulfur-containing organic substances, and alkaloid trimethylamine are the agents responsible for the antibacterial effect and gingival stimulation effect.\[[@ref12]\] Meswak also has antifungal properties and has been found to inhibit Candida albicans.\[[@ref11][@ref13]\] It also acts against both aerobic and anaerobic bacteria.

Another herbal extract known for its antiplaque properties is tea tree oil (TTO). TTO is derived from the leaves of *Melaleuca alternifolia* \[[Figure 4](#F4){ref-type="fig"}\]. TTO has a remarkable property that makes it a powerful healing substance: it is a strong organic solvent that dissolves the clumps of white blood cells that make pus. The bloodstream is then able to clean them away, helping to clear infections such as boils, sores, and ulcers.\[[@ref5]\] It is a fast-acting, efficient antiseptic with antibacterial properties. This is especially important for gum diseases. Moreover, TTO is unique in that it kills bacteria even more effectively in living tissue than *in vitro*, unlike most other currently used synthetic antiseptics. It is soothing on application and quickly relieves gum pain. Many *in vitro* studies confirmed that TTO has a powerful effect against *Salmonella typhi*, *Staphylococcus aureus*, and other *Staphylococcus* species, *Escherichia coli, Proteus vulgaris, Enterococcus* species, *Enterobacter* species, *Mycobacterium smegmatis, Clostridium perfringens, Lactobacillus acidophilus, Bacteroides fragilis, Bacillus subtilis*, and other Gram-positive and Gram-negative bacteria.\[[@ref14]\] TTO has a similar range of antimicrobial activity to chlorhexidine, although their mechanisms of action differ.\[[@ref15][@ref16]\]
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Although both Meswak- and TTO-containing toothpastes are known to reduce plaque accumulation, it is currently unknown whether one is more effective than the other. Accordingly, we undertook this study to compare the effects of Meswak and TTO on plaque removal. To the best of our knowledge, this is the first study to compare Meswak and TTO in an attempt to analyze their efficiency in reducing plaque accumulation.

M[ATERIALS AND]{.smallcaps} M[ETHODS]{.smallcaps} {#sec1-2}
=================================================

Approval was obtained from the Ethics Committee of Ajman University (Ref. SSF-2016/17-04). The study included 25 students from the Ajman University Faculty of Dentistry; these 25 students were selected due to their availability for participation. Since comparative analysis between the two herbal products was less in literature, participant sample size was restricted to a minimum. All participants were willing and provided informed consent. Inclusion criteria were nonsmoking, no systemic disease, Grade 2 or 3 plaque score on at least one of the Oral Hygiene Index teeth (teeth 16, 11, 26, 36, 31, and 46), age 20--40 years of either sex, and a minimum of 24 teeth present in oral cavity. The participants were confirmed to not use Meswak- or TTO-based toothpaste as their regular toothpaste. Exclusion criteria were the presence of mild, moderate, or severe periodontitis, in which clinical attachment loss was between 2 and 5 mm, the presence of systemic disease, smoking, use of any medication, habits such as tobacco chewing, and use of Meswak- or TTO-based toothpaste.

M[ATERIALS]{.smallcaps} {#sec2-1}
-----------------------

The study materials comprised two herbal toothpastes (one containing Meswak and one containing TTO).

P[ATIENT EXAMINATION]{.smallcaps} {#sec2-2}
---------------------------------

Plaque scores were assigned for all 25 patients and to each tooth according to the following criteria: 0 = no plaque; 1 = plaque deposits present on up to 1/3 of tooth surface; 2 = plaque deposits present on \>1/3 but \<2/3 of tooth surface; and 3 = plaque deposits present on \>2/3 of tooth surface. Plaque score was determined by taking a sum of all individual scores and dividing the sum by the number of teeth for which the scores were recorded.

After examination, each patient was randomly given one of the herbal toothpastes without specific instructions for use; this prevented any alteration of data collected and reduced the possibility of error. For standardization, the patients were instructed to brush only once a day.

Patients were instructed to appear for follow-up after 24 h for examination. A new plaque score was recorded. The patients were then instructed to use their regular toothpaste for 2 weeks (wash-off period). After 2 weeks, the patients were given the other herbal-based toothpaste and recalled after 24 h to record a third plaque score. All patients completed the study successfully.

S[TATISTICAL ANALYSIS]{.smallcaps} {#sec2-3}
----------------------------------

Data were analyzed using the IBM corp.2013.IBM SPSS statistics for macintosh, version 22.0 with a significance of *P* \< 0.05 and Kruskal--Wallis test.

R[ESULTS]{.smallcaps} {#sec1-3}
=====================

Observational results combined with statistical analysis showed a noticeable change between initial plaque index, post-Meswak toothpaste plaque index, and post-TTO toothpaste plaque index. Either toothpaste resulted in a lower plaque index compared with the initial plaque index. However, use of Meswak toothpaste resulted in a smaller plaque index than the use of TTO toothpaste. Brushing with TTO toothpaste reduced the initial plaque score by 35%, while brushing with Meswak toothpaste reduced the initial plaque score by 67.3%, nearly double that of the TTO toothpaste. In some patients, Meswak-associated plaque reduction reached 90%--100%; this degree of plaque reduction was not observed after the use of TTO-containing toothpaste. Statistical analyses of changes in plaque index are presented in Tables [1](#T1){ref-type="table"}--[4](#T4){ref-type="table"} and Figures [5](#F5){ref-type="fig"}--[7](#F7){ref-type="fig"}. Of note, among the 25 patients, only one disliked the taste of the Meswak toothpaste, whereas 18 patients disliked the alkaline taste of the TTO toothpaste.
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D[ISCUSSION]{.smallcaps} {#sec1-4}
========================

The Meswak tree, known as "Miswak" "Siwak" and "Arak" in Arabic regions, "koyoji" and "qisa" in Aramic, and "mastic" in Latin\[[@ref17][@ref18][@ref19]\] is a common source of dental cleaning sticks. In countries where *S. persica* is absent, alternative chewing sticks are used such as those from lime trees (*Citrus aurantifolia*), orange trees (*Citrus sinensis*), and senna (*Caesalpinioideae -- Fabaceae*) in southwest Africa,\[[@ref20]\] and neem trees (*Azadirachta indica*) in India.\[[@ref10]\] Tea tree leaves were used by Australian aboriginal people to treat cuts and wounds, and their use as a folk medicine spread among Europeans as they settled Australia in the 19^th^ century. TTO was so effective as a basic antiseptic that soldiers were issued a bottle along with their first-aid kit during World War II as treatment for cuts, burns, scratches, and infections.\[[@ref21][@ref22]\]

Our study was a randomized, controlled, parallel group design clinical trial, whereby our aim was to evaluate mainly the plaque reduction parameter using both the toothpaste. The positives from our study could be underlined about the fact that the clinical trial involved comparative evaluation between two herbal pastes which have plaque reducing capabilities. It also showed that meswak was superior to TTO in terms of plaque reducing capabilities.\[[@ref23][@ref24]\]

Meswak chewing sticks have been evaluated with respect to antibacterial properties. A study was conducted that compared 1-month-old Meswak and fresh Meswak with a neem chewing stick.\[[@ref25]\] The results suggested that there is no significant difference in effect between fresh and 1-month-old Meswak, and the antibacterial effects of both Meswak extract and a Meswak stick were stronger than that of the neem stick. Both Meswak and neem suppressed *Streptococcus mutans* and *Streptococcus faecalis* at a 50% concentration, but Meswak was more effective even in low concentrations.\[[@ref25]\] The antimicrobial effect may be linked to salivary peroxidase.\[[@ref26]\]

A study conducted in Sudan reported less caries prevalence among people who use chewing sticks compared with those who use toothbrushes,\[[@ref27]\] without consideration of the individual\'s carbohydrate-rich diets and lack of modern dental knowledge and hygiene.\[[@ref28][@ref29]\] Another study compared the World Health Organization decayed, missing, and filled teeth index between an Iraqi population of school children who do not use Meswak with a similar population from Sudan who uses Meswak. It was found that Sudanese students had lower caries prevalence than Iraqi students.\[[@ref27][@ref30]\] This finding was similar to that of a study conducted in children from Saudi Arabia between ages 13 and 15 years and Western countries.\[[@ref31][@ref32][@ref33]\]

There is evidence that Meswak effectively reduces plaque and gingivitis scores,\[[@ref34][@ref35][@ref36]\] and several studies revealed that Meswak removes dental plaque more effectively than toothbrushing alone.\[[@ref32][@ref37]\] In our study, Meswak reduced plaque scores by a mean of 67.3%, which was similar to previously published studies.\[[@ref18][@ref25][@ref26]\] One study reported a reduction of plaque by 75% after use of Meswak for 8 days.\[[@ref27]\] Another study found Meswak-containing toothpaste to be significantly effective in removing dental plaque when compared with Oral-B toothpaste.\[[@ref23]\] However, in contrast, Eid *et al*. reported that Meswak had a negligible effect on gingival health and accumulation of plaque.\[[@ref24]\]

In the 1930s, investigations into TTO revealed its antimicrobial properties; it was found to be more effective than carbolic acid on typhus bacilli and could be used directly on open wounds without any adverse effect on the wounded tissues.\[[@ref14]\] In the 1970s, TTO was shown to have an antibacterial effect against *S. aureus, S. typhi*, and various Gram-positive and Gram-negative bacteria.\[[@ref14]\] More recently, an *in vitro* study into the bacteriostatic, bactericidal, and fungicidal properties of TTO showed that it had a strong effect against *Actinobacillus actinomycetemcomitans, Fusobacterium nucleatum,* and *Porphyromonas gingivalis*, and a weaker effect on *S. mutans* and *Prevotella intermedia*.\[[@ref38]\] Furthermore, it has been shown that 0.0008% and 0.0009% solutions of TTO reduce the formation of herpes simplex virus 1 and herpes simplex virus 2 colonies after 1 h of exposure, respectively.\[[@ref39][@ref40]\]

TTO is further advocated to reduce immunomodulatory mechanisms in oral cancer patients who shows symptoms of oral candidiasis.\[[@ref41]\] Its role to bring suppression of fungal growth had been proven with limitations.

Its role along with other herbal extracts in the treatment of periodontal conditions and also conservative dental treatment has been established but with minimal clinical significance.\[[@ref42][@ref43]\]

Its use in endodontic treatment and also in symptomatic cases where the periradicular tissue is compromised due to a chronic condition is noteworthy but questionable. Its actual mode of action in these cases needs to be evaluated more and patients need to be put on a follow-up to see results.\[[@ref44][@ref45]\]

The results of our study showed a lower plaque index score with Meswak when compared with TTO, which was significant and was in agreement with a previous study using Meswak alone by Akhtar and Ajmal.\[[@ref18]\] Brushing with Meswak-based toothpaste gave a significant drop in plaque score when compared with TTO-based paste. Total plaque scores were significantly reduced using Meswak, which was in agreement with Almas and Darout.\[[@ref26][@ref27]\]

Our study has some limitations. Although some participants reported reduction or elimination of bleeding after brushing with Meswak-containing toothpaste, we did not formally assess changes in gingival inflammation.

To the best of our knowledge, this is the first study to compare the effects of Meswak and TTO herbal toothpastes on dental plaque. Our study revealed that toothpaste composition has an effect on plaque accumulation which was in agreement with an earlier study.\[[@ref25]\] Meswak-based toothpaste was more effective in reducing the plaque index than TTO-based toothpaste. A detailed study is needed to elucidate the long-term effects of each component. It is important to thoroughly investigate TTO to better understand its effect on dental hygiene. Further investigations using more advanced technology will enhance our understanding of the mechanisms of action of both Meswak and TTO.

C[ONCLUSIONS]{.smallcaps} {#sec1-5}
=========================

The use of herbal-based dentifrices is increasing among the population and the use of unique herbal extracts among the population is more rampant. Though in our study meswak was superior to tea tree oil in plaque reduction. The efficacy of TTO in other oral disease process needs to be evaluated and documented. Area such as periodontal microbiology and immunology where most disease processes are studied, and with the advent of next-generation sequencing techniques, it will give a clear picture of the role of TTO in various periodontal disease processes.
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